Mesotheliomas are rarely reported in animal species. In this report, the occurrence of a diffuse, metastatic mesothelioma in a 6-year-old gray Arabian mare is described. The mare was presented on clinical examination with ascites, bilateral pleural effusion, and pleural roughening. Necropsy revealed abundant fluid in the abdominal and thoracic cavities. The surface of all organs was thick and fibrosed with multiple raised nodules and hemorrhages. Histology was characteristic of a generalized, biphasic mesothelioma with vascular and lymph nodes metastases. It is believed that the primary tumor developed in the pericardium and spread through lymphatics. In this report, calretinin was used as an immunohistochemical marker in the diagnosis of mesothelioma in an equine species for the first time.
Mesothelial cells line, as a single layer, the 3 main coelomic cavities: pleural, pericardial, and peritoneal. When activated, by inflammation or mechanical irritation, mesothelial cells undergo hypertrophy and hyperplasia. Neoplastic transformation of mesothelial cells, resulting in development of benign or malignant mesothelioma, are reported in human and veterinary literature. In both animals and humans, the occurrence of mesothelioma is infrequent, and malignant or metastatic forms are extremely rare. [7] [8] [9] The malignant form of mesothelioma can be classified into 3 main histological types: epithelioid, biphasic, and sarcomatoid. 7, 9, 10 Several epithelioid variants are described in the literature on humans: tubopapillary, acinar, polygonal, clear cell, microcystic, deciduoid, desmoplastic, and lymphohistiocytic. 7, 10 Calretinin has been reported in the literature on humans as a valuable specific and sensitive immunohistochemical marker to diagnose epithelioid-type mesotheliomas with good expression in areas displaying tubopapillary, acinar, solid, and pleomorphic patterns. 3, 4 It has also been proven useful in helping differentiate mesotheliomas from metastatic adenocarcinomas. [1] [2] [3] 15 A 6-year-old gray Arabian mare was admitted at Texas A&M Large Animal Hospital, College Station, Texas, for clinical evaluation of weight loss and intermittent ventral edema of approximately 8 weeks duration. During the 2week period before examination, the mare had developed diarrhea. At admission, the mare was emaciated (body weight of 333 kg) and had a distended abdomen. Abnormal findings on physical examination included: increased heart (68 beats/minutes) and respiratory (38 breaths/minutes) rates; prolonged capillary refill time (ϳ 3 seconds); bilateral jugular pulses that extended to within approximately 10 cm of the larynx; decreased lung sounds in the ventral portions of the lung fields of both hemithoraxes; pitting edema of the ventrum and distal hindlimbs to the level of the distal aspect of the metatarsal bones; and diarrhea. Ultrasonographic examination of the thorax and abdomen revealed excessive intrapleural fluid, an irregular appearance of the pericardial surface, and an excessive amount of peritoneal fluid. Samples of peritoneal and pleural fluid were collected by centesis and submitted for cytologic evaluation. Both fluids were interpreted as representing modified transudates (total protein concentration of 3.6 and 3.4 g/dl in the peritoneal and pleural fluid, respectively; with white blood cell concentrations of 2,605 and 2,210 in the peritoneal and pleural fluids, respectively) with cytologic evidence of mild mesothelial hyperplasia; no neoplastic cells were identified. Results of complete blood count and serum biochemistry panel were within reference ranges except for increased concentration of globulin (4.4 g/dl; reference range ϭ 2.2 to 3.8 g/dl). Because a neoplastic process was suspected on the basis of anamnesis, physical examination, and clinicopathologic data, the owner elected to euthanize the mare rather than pursuing further diagnostic or therapeutic options.
A complete necropsy was performed. Samples for histological evaluation were fixed in 10% neutral buffered formalin. Gross examination revealed approximately 12 liters of clear, yellow, frothy fluid in the thoracic cavity (pleural pancytokeratin (DAKO; monoclonal mouse, MNF116, 1:100). Avidin-biotin complex/diaminobenzidine-peroxidase. Methyl green counterstain. Bar ϭ 65 m. effusion). The pericardial sac was severely thickened (1-4 cm), had multifocal coalescing petechiae (Fig. 1) , and disseminated raised, firm tan nodules (2-5 mm). The visceral pleura was thick and showed areas of petechiation and raised nodules. The mediastinal lymph nodes were slightly enlarged and hemorrhagic. Inside the abdominal cavity, there were approximately 40 liters of fluid similar to that in the thoracic cavity. All the visceral organs had thick surfaces, extensive petechiation, and tan disseminated nodules. The organ surfaces, including the diaphragm, were thick, fibrosed, hemorrhagic, and nodular. Pericardial and mesenteric fatty connective tissue were fibrotic and nodular with disseminated foci of hemorrhage. Microscopic examination revealed a diffuse, malignant biphasic mesothelioma characterized by both, epithelioid and sarcomatous patterns (Fig. 2 ). In addition, multifocal, often extensive, lymphoplasmacytic infiltration was associated with this neoplasia. The epithelioid component was multifocally distributed and interspersed with the sarcomatous component. The epithelioid component was arranged in a variety of appearances: tubopapillary, acinar, and pleomorphic ( Figs. 2-4 ). Multifocal coalescing, variable-sized and -shaped microcysts containing an amorphous, amphophilic material and epithelioid cells forming various morphological structures were disseminated throughout. Fragmented ribbons of epithelial columnar cells were multifocally disseminated and interspersed in a myxoid stroma. The epithelioid mesothelial cells were of polygonal, columnar, or pleiomorphic shape and characterized by ovoid nucleolated nuclei and deeply eosinophilic cytoplasm. Occasionally, epithelioid cells showed mitotic figures and giant cell formation. Vascular metastases consisted of epithelioid cells, and mitoses were seen in these metastatic cells. The sarcomatous component consisted of spindle cells characterized by fusiform nuclear shape and eosinophilic cytoplasm with indistinct cellular borders. The cells were arranged in random or poorly defined storiform patterns. Dense hyalinized fibrous tissue often accompanied this fibroblast-like cell proliferation. One mediastinal lymph node had a hemorrhagic parenchyma and multiple paracortical and corticomedullary sinuses containing epithelioid cell metastases. Metastatic cells had few mitoses (2 high power field). Occasionally admixed with epithelioid metastatic cells in the lymph node were giant and syncytial cells. On histological examination, the parenchymal organs had thick, fibrosed capsules and a similar biphasic pattern of mesothelioma. In addition, there were multiple lymphatic and venous metastatic epithelioid thromboemboli invading the hepatic capsule (Fig. 5 ). The spleen was hemorrhagic, and the liver had diffuse hepatic lipidosis. There were no other types of neoplasia in any other organs in this animal.
For immunohistochemistry (IHC), vimentin a and MNF116 (a pancytokeratin) a monoclonal antibodies were applied following an avidin-biotin complex/diaminobenzidine-peroxidase procedure and counterstained with methyl green. For the monoclonal antibody, calretinin b alkaline phosphatase technique using VECTASTAIN ABC-AP avidin-biotin system c was used. The antibody dilutions used were 1:100 for MNF116 and calretinin and 1:200 for vimentin. All slides were preheated with steam as an anti-body-retrieval technique and were counterstained with hematoxylin. Negative control samples incubated without the primary antibody did not exhibit any immunostaining. Calretinin is a 29-kD EF-hand protein related to calcium-binding proteins. It is expressed in central and peripheral neural tissue and in reactive and neoplastic mesothelium. 4 Histological sections of mouse and horse cerebellum were used as positive controls and equine specificity (see insert, Fig.  7 ). All reactions were carried out in parallel, repeated 4 times, and gave reproducible results. Immunohistochemical stains for pancytokeratin, vimentin, and calretinin were positive. Mesothelial and epithelioid cells stained strongly positive for pancytokeratin and calretinin (Figs. 6, 7) . Spindle cells were also positive for vimentin but were not labeled for calretinin and pancytokeratin. The microcysts and their product were strongly positive when stained with alcian-blue technique (Fig. 8) .
Metastatic, generalized mesothelioma is an extremely rare neoplasm in humans and animals. This was an unusual case that was very difficult to diagnose clinically, but showed distinct characteristics specific to mesothelioma on histological examination. The similarity of this metastatic, generalized mesothelioma in a horse to cases of diffuse malignant mesothelioma reported in literature on humans is obvious. 7, 10 The diagnosis of spontaneous mesothelioma in animals on the basis of established diagnostic criteria is often difficult. As pointed out by others, mesothelioma of the pleura and peritoneum can have a multicentric origin, and transcoelomic implantation with invasion of the underlying tissue is possible, but distant metastasis can seldom be found. 2, 5, 7, 11, 14 Hematogenous spread of mesothelioma is rarely reported in veterinary literature. 10 The primary site of origin remains speculative, given the generalized form of mesothelioma in this horse. Because of the severity of lesions involving the pericardial sac and mediastinal lymph node metastases, it is suggested that the primary mass most likely originated in the pericardium and spread by implantation or through lymphatics to other anatomical sites. However, the other alternative may be that mesothelioma in this horse had a multicentric origin. Accumulation of large amounts of fluid in both thoracic and abdominal cavities in this mare may have been due to either the excessive production of fluid by the mesothelial cells or decreased drainage of normally produced fluid because of metastatic blockage of lymphatics. 7, 9, 12 The differential diagnoses must include adenocarcinoma, with diffuse peritoneal involvement, specifically metastatic adenocarcinoma, and in the female, adenocarcinoma originating from the secondary Mullerian system, which comprised the pelvic and lower abdominal mesothelium and the subjacent mesenchyme of females. 7,10 Secondary Mullerian lesions include those which form serous, endometrioid, and mucinous epithelium, mimicking normal or neoplastic tubal, endometrial, and endocervical epithelium. Proliferation of the subjacent mesenchyme may accompany these epithelial lesions or give rise to a variety of purely mesenchymal lesions composed of endometrial stromal-type cells, decidua, or smooth muscle. 7 The main objective of using histochemical and immunohistochemical methods is to facilitate a definitive diagnosis rather than to generate a differential list of possibilities. 10 In this case, calretinin was a valuable IHC marker for epithelioid mesothelial cells. Diffuse mesotheliomas are characterized by the absence of neutral mucins and the presence of acid mucin (predominantly hyaluronic acid), appreciable as alcian-blue positive (Fig. 8) .
As a discriminant marker between mesothelioma and adenocarcinoma, calretinin has been shown to have high sensitivity and specificity for mesotheliomas. 1, 3, 4, 13 It has been useful in both pathology and cytology specimens. 15 It has both nuclear and cytoplasmic staining. In this case, the presence of cytoplasmic and nuclear staining for calretinin in mesothelial cells demonstrates that this marker can be used in horse tissue. This opens the possibility for the use of this antibody as a marker for mesothelioma diagnosis in veterinary medicine and as a valuable tool for differentiating from metastatic adenocarcinomas.
There is considerable epidemiological and experimental evidence in humans, linking asbestos exposure to mesothelioma. Regarding the mechanism of asbestos-induced mesothelioma, it is recognized, on the basis of experimental animal models, that asbestos fibers trigger an inflammatory reaction, characterized by the accumulation of macrophages around the fibers. It is hypothesized that reactive oxygen metabolites released from macrophages injure mesothelial cells adjacent to fiber clusters. Oxidative DNA damage is suggestive as a potential biomarker for neoplastic transformation of mesothelial cells. 2, 5, 6 However, evidence of animal asbestos exposure and incidence of mesothelioma in domesticated animals is lacking in veterinary medicine. Clinical history did not indicate that this horse had been exposed to asbestos.
Sources and manufacturers
a. Dako Corporation, Carpinteria, CA. b. Chemicon Corporation, Temecula, CA. c. Vector Labs, Burlingame, CA.
